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Recent experimental measurements of the microwave absorption in the frequency range 
1- 4 GHz show peaks at several values of the filling factor, u = uh/eB. Since the filling 
factor multiplies the magnetic field, it is similar to the Lande's splitting factor, g. By 
using both signs in the j = / ± s, we obtain a formula for the splitting factor which 
is equivalent to obtaining the filling factor. The experimentally observed values of 6/5, 
4/3, 7/5, 8/5, 5/3, 7/3, and 5/2 are in agreement with our formula provided that we 
propose "electron clusters". The clusters have / and s values and vary in size. It is 
possible to interpret the filling factor as a fractional charge. When charge becomes zero, 
the transverse resistivity diverges so that large resistivity belongs to an insulator which 
can be called a Wigner crystal. 



Corresponding author: keshav@mailaps.org 
Fax: +91-40-2301 0145.Phone: 2301 0811. 



1. Introduction 

Recently, a very important experiment has been performed by Chen et al[l]. It 
measures the microwave absorption in a device made of GaAs/AlGaAs. The size of 
the quantum well is 30 nm. The electron concentration is = 3.0 x lO^^cm"^, the 
temperature is ~ 50 mK and the microwave frequency is ~ 1 — 4 GHz. The real part 
of the conductivity as a function of magnetic field shows dips whenever the filling factor 
becomes 4/3, 5/3, 7/3, 5/2, 6/5, 7/5 and 8/5. 

In this note, we wish to interpret the fractions at which there are dips in the ab- 
sorption. We report that these fractions indicate the formation of "electron clusters" , of 
well defined angular momenta. At the point of zero charge, the resistivity diverges which 
creates a region of large resistivity. This region is called insulator or Wigner crystal. 

2. Theory 

In recent years, there has been considerable interest in the problem of effective charge 
of a quasiparticle. Since charge appears in the Bohr magneton, it can be derived in 
terms of angular momenta operators. In this connection we have reported [2- 11] that the 
effective charge of a quasiparticle is given by, 

1 Ce// l + \±S 

-q+ = = ^ 1 

2^^ e 2/ + 1 ^ ' 

The details of the mathematical derivation are given in a book[8]. First of all, we 
propose that there are clusters of electrons which have well defined values of / and s. In 
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Table 1: Calculated values of the filling 
factor for positive sign of spin 
for given values of / and s. 
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7/2 


6/5 
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7/5 
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8/5 
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13/2 
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15/2 



that case, we can substitute some selected values of / and s in the above formula and 
obtain the effective charge of a quasiparticle. We substitute I =0,1, 2, etc and S—b/2, 7/2, 
11/2, 1, 2, 3, ... etc. For a given value of S, the projections along the magnetic field 
have values Ms=-S, -(S-1), ...(S-1), S. For example, for S =3/2, the Ms values are ± 3/2, 
± 1/2 and for S=l/2, the Mg values are ± 1/2. The large Mg transitions are suppressed 
and only -1/2 to +1/2 transition is visible. This type of suppression is known in liquids 
due to correlations or rotations and in glasses due to random distribution. If only -1/2 
to 1/2 transition occurs, the transition energy will be \g±^BH. The Hamiltonian is 
simply qiibH.S. The transitions show up in the resistivity because the later depends 
on the response function. Whenever the microwave frequency hi' becomes equal to the 
transition energy we expect a dip in the resistivity, i.e., at 

hi^m = ^9±I^bH (2) 
There are new resonances, which occur at the fractional filling factor, 

^± = (3) 
Usually, the Landau levels are given by the cyclotron frequency, 

= (n + ^)hoUc. (4) 

Here 

n = 1 (5) 

huc = hum = QI^bH (6) 

where is the microwave frequency. The usual cyclotron resonance is given by (6) with 
no possibility of splitting. There is only one cyclotron frequency but now in the new 
theory there are two resonances, 

hiym = h^g+i^c (7) 
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and ^ 

hi^m = h-g-UJc (8) 

The physical phenomenon is also slightly different because there are four eigen values, 





(9) 


E, = ^g_^j,H{ + ^) 


(10) 




(11) 


E^^]^g+^,BH{+]^). 


(12) 



The transition E4 — E^ = hvm is similar to ESR but new transitions are predicted. Some 
times, the magnetic field is high so that the levels containing g_ are not populated so 
that El and E2 do not exist. Otherwise, more than ESR transitions are predicted. 

The resistivity is of the form pxy=h/ie'^. When i=0, the charge becomes zero and 
the resistivity diverges. When the resistivity becomes large, insulator is formed. This 
insulating state is some times called the "Wigner crystal" . There is a quasiparticle with 
spin 1/2 and zero charge. 

3. Experiment. 

The experimental measurements of microwave absorption have been performed by 
Chen et al [1]. The absorption is found at, 

V = 6/5, 4/3, 7/5, 8/5, 5/3, 7/3, 5/2. (13) 

These experimentally measured values are the same as the calculated values of Table 
1. What is happening is that there are "electron clusters". Every cluster has a definite 
value of the spin and there is an orbital angular momentum quantum number. Here, the 
Landau level quantum number is n = 1. At very low temperatures the excited states 
are not populated so that the experimental values are exactly as calculated. At higher 
tcmpcratTircs. the excited states get mixed in the ground state due to the spin-orbit 
interaction so that the calculated values may differ from the measured values unless the 
spin-orbit interaction is included in the calculation. At higher temperatures, there is the 
electron-phonon interaction so that the experimental values deviate from the tabulated 
values. 

4. Conclusions 

In GaAs/AlGaAs hctcrostructures microwaves are absorbed according to new reso- 
nances which occur due to both the positive as well as negative values of the spin. This 
phenomenon is slightly different from electron spin resonance which involves absorption 
by single flip of spin. There are electron clusters of definite values of I and s. We predict 
the filling factors by using / and s. Since the temperature of measurement is very low, the 
populations in the excited states are minimized and the electron-phonon interaction is 
largely reduced so that the theoretically predicted values are the same as those measured. 
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